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FOREWORD 


This  report  was  prepared  by  The  Dow  Chemical  Company,  Midland, 
Michigan,  under  USAF  Contract  Nr.  F04611-67-C-0025 •  The  contract 
was  initiated  under  Air  Force  Program  Nr.  750  G,  AFSC  Project  Nr. 
5148,  "Investigation  of  the  Thermodynamic  Properties  of  Propellant 
Ingredients."  The  work  was  administered  under  the  direction  of 
the  Rocket  Propulsion  Laboratory,  Edwards  Air  Force  Base,  with 
Mr.  Curtis  C.  Selph  acting  as  Air  Force  Project  Officer. 

This  is  the  second  quarterly  report,  covering  the  work  per¬ 
formed  during  1  April  1968  through  50  June  1968.  The  Dow  Report 
Number  is  T0025-2Q-68. 

This  work  was  performed  under  the  technical  supervision  of 
Dr.  D.  R.  Stull  and  management  supervision  of  Dr.  D.  A.  Rausch, 
with  Dr.  G.  C.  Sinke  as  Group  Leader. 

Publication  of  this  report  does  not  constitute  Air  Force  ap¬ 
proval  of  the  report's  findings  or  conclusions.  It  is  published 
only  for  the  exchange  and  stimulation  of  ideas. 


W.  H.  Ebelke,  Colonel,  USAF 
Chief,  Propellant  Division 
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ABSTRACT 


(C)  Heat  of  combustion  measurements  on  perf luoroammonium  fluo- 
borate  from  Shell  Development  Company  gave  erratic  results.  The 
amount  of  sample  available  is  limited  and  not  sufficient  to  allow 
tracing  down  the  reasons  for  the  failure  of  this  technique.  A 
differential  scanning  calorimeter  requiring  only  a  few  milligrams 
of  sample  was  successfully  used  to  measure  the  heat  of  decomposi¬ 
tion  and  this  approach  yielded  a  preliminary  heat  of  formation  of 
-319  ±  10  kcal/mole.  Further  work  on  the  heat  of  decomposition  is 
planned  to  improve  the  accuracy  and  to  better  establish  the  prod¬ 
ucts  of  decomposition. 

(C)  The  heat  of  formation  of  a  sample  of  aminoethylaziridine 
(Code  ELF-100) ,  C4H10N2,  from  Esso  Research  and  Engineering  Com¬ 
pany  was  derived  as  +12.68  kcal/mole  from  heat  of  combustion  meas¬ 
urements.  Work  on  methyldiazabicyclo -octane  (Code  ELF-101)  , 
C7H14N2,  also  from  Esso,  revealed  the  heat  of  combustion  to  be  de¬ 
creasing  with  time,  indicating  some  slow  chemical  change  taking 
place.  No  accurate  heat  of  formation  could  be  obtained. 

(U)  The  heat  of  combustion  of  aniline  hydrochloride  (syn¬ 
thesized  at  Dow)  was  measured  and  a  new  computerized  data  reduc¬ 
tion  program  used  to  derive  a  heat  of  formation  of  -43.0  kcal/mole. 
This  is  in  reasonable  agreement  with  -42.0  kcal/mole  from  heat  of 
solution  data  and  it  is  concluded  that  no  serious  systematic  errors 
remain  in  the  data  reduction  program. 
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THERMOCHEMISTRY  OF  PROPELLANT  INGREDIENTS  (U) 


A.  HEAT  OF  FORMATION  OF  PERFLUOROAMMONIUM  FLUOBORATE  (C) 

1.  Introduction  (U) 

(C)  Perf luoroammonium  fluoborate  (NF4BF4)  has  been  synthesized 
at  Shell  Development  Company.  A  5  gram  sample  was  supplied  to  us 
for  thermochemical  studies.  As  outlined  in  our  first  quarter  re¬ 
port  for  1968,  we  proposed  to  measure  the  heat  of  combustion  of 
NF4BF4  by  the  technique  of  Good  and  Mansson  (l).  As  will  be  de¬ 
scribed  in  the  following  sections,  this  approach  proved  unsuccess¬ 
ful.  A  preliminary  value  for  the  heat  of  formation  was  obtained, 
however,  by  differential  scanning  calorimetry. 

2.  Materials  (U) 

(C)  Polypropylene  film  and  polyvinylidene  fluoride  (Kynar)  were 
described  in  the  first  quarter  report.  The  Kynar  sample  was  checked 
for  water  content  before  and  after  drying  at  120°C.  for  16  hours 
and  the  results  indicated  no  loosely  bound  water  which  might  react 
with  the  NF4BF4. 

(C)  The  NF4BF4  was  a  white  free  flowing  crystalline  material. 
Analytical  data  supplied  by  Shell  Development  Company  showed  the 
sample  to  be  of  high  purity.  Due  to  the  limited  amount  of  sample, 
no  confirmatory  analytical  experiments  were  carried  out  at  Dow. 

The  sample  is  reported  to  be  highly  reactive  to  moisture  and  was 
stored  in  a  monitored  dry  box. 

3  •  Equipment  (U) 

(U)  A  typical  rotating  bomb  calorimeter  and  a  platinum  lined 
combustion  bomb  were  employed  for  heat  of  combustion  studies.  A 
Perkin-Elmer  Differential  Scanning  Calorimeter  (hereafter  referred 
to  as  DSC)  was  used  for  heat  of  decomposition  work. 

4.  Heat  of  Combustion  Procedure  (U) 

(C)  A  weighed  polypropylene  bag  containing  a  weighed  amount  of 
Kynar  was  locked  into  a  dry  box.  Approximately  the  desired  amount 
of  NF4BF4  was  weighed  out  on  a  small  balance  in  the  dry  box  and 
added  to  the  polypropylene  bag.  The  bag  was  heat  sealed  while  in 
the  dry  box  and  the  Kynar  and  NF4BF4  intimately  mixed  by  manipula¬ 
tion  of  the  sealed  bag.  A  pinhole  was  pricked  in  the  bag  to  allow 
trapped  gas  to  escape  and  the  bag  was  rolled  up  and  compressed  in 
a  press  to  form  a  pellet.  The  pellet  was  placed  in  a  second 
weighed  polypropylene  bag  which  was  then  heat  sealed,  removed  from 
the  dry  atmosphere,  and  accurately  weighed.  The  sample  thus  en¬ 
closed  did  not  pick  up  weight  when  weighed  in  the  laboratory  air. 
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(U)  The  weighed  sample  was  placed  in  a  platinum  crucible  in 
a  platinum-lined  bomb.  The  bomb  also  contained  10  ml  of  water 
and  after  sealing  was  charged  with  purified  oxygen  to  40  atm 
pressure.  The  heat  of  combustion  was  determined  by  the  usual 
techniques.  A  sample  of  the  gaseous  combustion  products  was  an¬ 
alyzed  by  mass  spectrometry. 

5»  Heat  of  Combustion  Results  (U) 

(C)  A  brief  summary  of  the  heat  of  combustion  results  is  given 
in  Table  I.  The  experiments  by  visual  observation  of  the  bomb  after 
combustion  appeared  to  be  successful  in  that  no  unbumed  residues 
were  observed  and  mass  spectrometry  revealed  the  expected  gaseous 
products  CO2  and  traces  of  CP4.  The  calculated  heats  of  combus¬ 
tion,  however,  showed  wide  variations.  Possible  causes  for  these 
variations  were  researched  as  follows: 

(a)  Deterioration  of  the  Sample  -  A  few  milligrams  of  sample 
were  allowed  to  stand  exposed  to  the  dry  box  atmosphere 
over  the  weekend .  No  changes  in  the  sample  appearance 
were  observed,  making  deterioration  an  unlikely  cause. 

(b)  Water  Associated  with  the  Kynar  -  Karl  Fischer  analyses 
for  water  before  and  after  drying  the  Kynar  at  120°C 
overnight  indicated  no  appreciable  water  in  the  Kynar. 

(c)  Incomplete  Combustion  -  Visual  Inspection  of  the -bomb  and 
mass  spectrometer  analysis  of  gaseous  products  showed  no 
evidence  for  incomplete  reaction. 

(d)  Reaction  of  Kynar  and  NF4BF4  -  This  appears  to  be  the 
only  plausible  cause, but  if  it  took  place  to  the  extent 
indicated  by  the  heat  of  combustion  data  one  would  ex¬ 
pect  considerable  and  obvious  gas  formation  in  the  sealed 
bags.  This  was  not  observed. 

Because  of  the  limited  amount  of  sample  and  the  considerable  expense 
of  its  synthesis,  it  was  not  practical  to  investigate  variations  in 
the  heat  of  combustion  technique.  Chances  of  success  were  believed 
too  small  to  risk  the  use  of  more  sample. 

6.  Differential  Scanning  Calorimeter  Technique  (U) 

(U)  The  Thermal  Research  Laboratory  recently  acquired  a  Perkin- 
Elmer -Differential  Scanning  Calorimeter  which  is  suited  for  meas¬ 
urement  of  heat  capacity,  heats  and  temperatures  of  phase  transi¬ 
tions,  and  heat  of  reaction  with  moderate  accuracy.  The  advantage 
of  the  DSC  is  that  results  can  be  obtained  on  a  few  milligrams  of 
sample.  The  sample  is  enclosed  in  a  small  aluminum  capsule  and  is 
then  heated  so  that  its  temperature  rises  at  the  same  rate  as  that 
of  a  reference  capsule  containing  the  calorimetric  standard  mate¬ 
rial,  AI2O3.  The  rate  at  which  energy  is  supplied  to  the  sample  is 
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recorded  and,  for  example,  If  a  sample  undergoes  melting,  a  peak 
Is  observed  in  the  rate  of  heating,  since  the  heat  of  melting  must 
be  supplied  in  a  short  time.  From  the  area  under  the  peak,  the 
heat  of  melting  can  be  determined. 

Table  I 


Expt . 
No. 

Heat  of  Combustion  of  NF4BF4 

(c) 

-AEc/M 

cal/g 

Mass  Poly¬ 
propylene  , 
grams 

Mass 

Kynar, 

grams 

Mass 
NF4BF4 , 
grams 

1 

0 . 15076 

1.58462 

0.06758 

1005 

2 

0.15985 

1.67175 

0.68265 

990 

3 

0.10525 

1.56214 

0.49074 

522 

4 

0.15707 

1.52800 

0.48851 

745 

(C)  Since  Shell  Development  Company  personnel  reported  to  us 
that  NF4BF4  decomposes  to  NF3,  BF3,  and  F2  at  relatively  low  tem¬ 
peratures,  it  seemed  worthwhile  to  attempt  a  measurement  of  the 
heat  of  decomposition  in  the  DSC.  Preliminary  measurements  at 
Shell  indicated  a  heat  of  decomposition  of  about  8  cal/gram. 

7*  Differential  Scanning  Calorimeter  Results  (U) 

(u)  A  copy  of  the  recorder  output  (heating  rate)  as  a  func¬ 
tion  of  temperature  is  shown  in  Figure  1.  The  sampl"  when  heated 
showed  a  small  Increase  in  heat  absorption  in  the  range  500-510 °K. 
Heating  was  stopped  at  about  520°K  and  the  capsule  containing  the 
sample  was  cooled  and  weighed.  Only  2  to  5$  of  the  sample  weight 
was  lost,  and  it  was  concluded  that  the  heat  absorption  was  a 
reversible  phase  transition.  This  was  confirmed  when  the  sample 
was  heated  again  to  520 °K  and  the  same  heat  absorption  was 
observed  at  500-510°K.  Integration  of  the  area  under  the  peak 
gave  a  heat  of  transition  of  15  cal/g.  It  seems  likely  that  it 
was  this  heat  of  transition  which  was  observed  by  Shell  Develop¬ 
ment  Company  personnel. 

(C)  Heating  was  now  continued  above  520°K  and  at  about  560°K 
it  was  evident  that  an  endothermic  process  was  taking  place.  Also 
the  instrument  exhaust  port  began  fuming,  evidencing  the  effluence 
of  reactive  vapors.  This  endothermic  process  appeared  to  be  com¬ 
pleted  by  620 °K,  at  which  point  the  capsule  was  cooled  and  weighed. 
A  weight  loss  corresponding  to  99-5^  of  the  sample  was  observed. 
From  the  area  under  the  peak  it  was  roughly  calculated  that  the 
heat  of  decomposition  was  80  cal/g.  This  is  somewhat  uncertain 
because  of  difficulty  in  judging  where  to  draw  the  baseline.  The 
corrosive  vapors  emitted  by  the  sample  had  seriously  affected  the 
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instrument  as  shown  by  blank  runs  following  this  work.  For  this 
reason  no  further  runs  were  made  and  the  single  heat  of  decomposi¬ 
tion  obtained  is  probably  uncertain  by  40  cal/g.  If  the  decomposi¬ 
tion  is,  as  claimed  by  Shell  Development  Company,  to  NF3,  BF3,  and  F2, 
the  above  heat  of  transition  and  heat  of  decomposition  give: 

AHf 1 9 8 ( NF4BF4 ,  s)  =  -318.8  ±  10  kcal/mole 

(NF3  is  taken  as  -31.6,  BF3  as  -217*7  kcal/mole).  It  may  be  ob¬ 
served  here  that  this  heat  of  decomposition  implies  that  the  heat 
of  combustion  should  be  1100  cal/g,  considerably  higher  than  any 
of  the  experimental  results. 

8.  Work  in  Progress  on  NF4BF4  ( C) 

(C)  Because  of  corrosion  of  the  DSC,  as  well  as  inability  to 
examine  decomposition  products,  we  propose  to  measure  the  heat  of 
decomposition  by  a  modified  bomb  calorimeter  approach.  A  nickel 
crucible  was  wound  with  a  glass  insulated  constantan  heater  and 
suspended  in  a  nickel  combustion  bomb.  When  the  sealed  bomb  was 
placed  in  a  combustion  calorimeter  and  the  crucible  electrically 
heated,  the  crucible  became  hot  enough  to  decompose  NF4BF4  and  the 
electrical  heat  was  about  equal  to  that  of  a  typical  combustion 
experiment.  Blank  runs  showed  excellent  precision.  However,  when 
a  sample  of  NF4BF4  was  tried,  an  exotherm  was  observed  rather  than 
the  expected  endothermic  effect.  Mass  spectrometer  examination  of 
the  gases  showed  the  expected  NF3,  but  also  large  amounts  of  SiF4 
rather  than  BF3 .  The  reaction  of  the  F2  and  BF3  with  the  very 
dry  glass  insulation  was  not  expected, since  there  are  literature 
reports  of  successful  fluorine  combustion  work  carried  out  in  glass 
apparatus . 

(U)  Work  is  now  in  progress  on  a  new  double-walled  crucible 
with  the  aim  of  protecting  the  heater  winding  from  the  corrosive 
vapors.  Should  this  prove  successful,  we  should  be  able  to  ob¬ 
tain  a  heat  of  decomposition  with  high  accuracy  and  also  to  an¬ 
alyze  the  products  of  decomposition  to  make  sure  that  the  mech¬ 
anism  of  decomposition  is  as  postulated  for  the  DSC  experiments. 

B.  HEATS  OF  COMBUSTION  OF  AMINOETHYLAZIRIDINE  AND  METHYLDIAZA- 

BICYCLO-OCTANE  (C) 

1.  Introduction  (U) 

(C)  Esso  Research  and  Engineering  Company  has  synthesized 
several  C-H-N  compounds  as  candidate  fuels.  Work  on  the  heat  of 
combustion  of  two  of  these  compounds  is  reported  here:  amino- 
ethylaziridine,  C4HioN2  (Code  ELF- 100),  and  methyldiazabicyclo- 
octane,  C7Hi4N2  (Code  ELF-101)  . 
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2.  Materials  (U) 

(U)  Correspondence  from  Esso  Research  and  Engineering  Com¬ 
pany  stated  the  materials  were  "analytically  pure  as  attested  to 
by  C-H-N  analysis,  NMR,  and  IR."  The  samples  were  liquids  of  low 
vapor  pressure  but  appreciable  reactivity  with  respect  to  absorp¬ 
tion  of  water  and  C02.  Two  different  batches  of  ELF-100  were 
received  and  one  batch  of  ELF- 101. 

(U)  A  check  on  these  samples  was  made  by  neutron  activation 
analysis  for  oxygen.  Our  results  showed  O.56  weight  #  oxygen  in 
the  ELF-100  and  0.25  weight  #  oxygen  in  ELF-101.  Further  work  is 
in  progress  to  check  these  data  by  other  methods  and  to  define 
the  nature  of  the  oxygen-containing  impurity. 

5.  Equipment  (U) 

(U)  A  typical  rotating  bomb  calorimeter  and  a  platinum 
lined  combustion  bomb  were  employed. 

4.  Procedure  (U) 

(U)  Tests  showed  that  samples  enclosed  in  Mylar  film  picked 
up  weight  when  exposed  to  the  atmosphere,  presumably  by  diffusion 
of  moisture  through  the  plastic.  Samples  were  therefore  loaded 
in  a  dry  atmosphere  into  thin  walled  glass  ampoules  which  were 
sealed  off.  The  weighed  ampoules  were  placed  in  a  platinum  cruci¬ 
ble  and  a  small  weighed  amount  of  paraffin  oil  was  added.  The 
bomb  was  charged  in  the  usual  way  and  fired  electrically.  The 
paraffin  oil  ignited  and  the  heat  burst  the  sample  ampoule,  allow¬ 
ing  its  contents  to  burn  completely.  After  the  calorimetry  the 
bomb  was  rinsed  out  and  the  solution  titrated  for  HN03  formation. 

5.  Results  (U) 

(C)  Results  were  calculated  by  computer  using  standard  pro¬ 
cedures.  Constant  factors  employed  in  the  calculations  are  given 
in  Table  II  and  data  for  the  Individual  experiments  in  Tables  III, 
IV,  and  V.  The  average  result  for  ELF-100  from  Table  IV  and  a 
molecular  weight  of  86.1377  yields  AEdes  =  -729*57+0.51  kcal/mole 
for  the  constant  volume  process: 

C4Hi0N2(jI)  +  13/2  02( g)  -►  4  C02(g)  +  5  h2oU)  +  N2( g) . 
Calculating  to  constant  pressure  conditions  gives : 

AEC|98  =  -750.46  ±  0.51  kcal/mole 
from  which  is  derived  : 

AHflsa^)  =  +12.68  ±  0.51  kcal/mole. 

The  error  is  twice  the  standard  deviation  of  the  experiments  and 
does  not  include  any  corrections  for  impurities. 
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Table  II 

(C)  Constant  Factors  for  Heat  of  Combustion 

Empirical  formula,  ELF-100 

Empirical  formula,  ELF-101 

Empirical  formula,  paraffin  oil 

Empirical  formula.  Mylar  film 

Empirical  formula,  fuse 

Density  of  ELF-100,  g/ec 

Density  of  ELF-101,  g/cc 

Density  of  paraffin  oil,  g/cc 

Density  of  film,  g/cc 

Density  of  fuse,  g/cc 

Bomb  volume,  liter 

Initial  oxygen  pressure,  atm 

Initial  water,  liter 

Reference  temperature,  °C 

(3E/aP)  t  Of  ELF-100  and  ELF-101,  cal/g/atm 

(iE/^P)t  of  paraffin  oil,  cal/g/atm 

(3E/aP)t  of  film,  cal/g/atm 

AEc  of  film,  kcal/mol 

AEq  of  fuse,  kcal/mol 

Cp  of  ELF-100  and  ELF-101,  cal/g/°C 

Cp  of  oil,  cal/g/°C 

Cp  of  film,  cal/g/°C 

Cp  of  fuse,  cal/g/°C 

E  (calor)  for  ELF  compounds,  cal/°C 

E  (calor)  for  paraffin  oil,  cal/°C 

*Exp.  9B  -  0.002  liter. 

Exp.  10  -  0.010  liter. 
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Calculations 

C4H10N2 

C7H14N2 

CHi.esr* 
CioHb04 
CHi . eOo . e 
0.986 
0.899 
0.89 
1.38 
1-5 
0.347 
30.3 
0.001* 
25.00 
-.00189 
-.00614 
-.00080 
-104.89 
-111.7 
0.5 
0.5 
0.315 
0.4 
3414.71 
3427.20 


(U)  Heat  of  Combustion  Experiments  for  Paraffin  Oil 
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(C)  Results  for  ELF-101  show  a  trend  with  time  as  illustrated 
In  Figure  2.  Apparently  some  process  such  as  isomerization,  poly¬ 
merization,  or  decomposition  is  taking  place,  which  results  in  a 
steadily  decreasing  heat  of  combustion.  It  is  planned  to  obtain 
data  on  freshly  distilled  samples  to  further  check  this  behavior 
and  possibly  obtain  a  reasonably  correct  value. 

(U)  The  results  from  paraffin  oil  were  used  in  the  calcula¬ 
tions  for  the  ELF  compounds,  but  are  also  of  interest  in  them¬ 
selves,  since  half  the  experiments  were  run  with  the  neat  paraffin 
oil  and  half  with  the  oil  enclosed  in  Mylar  film.  The  two  series 
are  in  excellent  agreement  and  give  added  confidence  to  work  pre¬ 
viously  reported  done  by  the  Mylar  film  technique . 

C.  HEAT  OF  COMBUSTION  OF  ANILINE  HYDROCHLORIDE  (U) 

1.  Introduction  (U) 

(U)  Perchlorates  are  important  compounds  in  propellant  chem¬ 
istry.  Thermochemical  data  have  been  obtained  on  such  compounds 
as  nitronium  perchlorate,  hydrazine  diperchlorate,  and  INFO-635  by 
various  means.  Many  inorganic  perchlorates  and  all  organic  per¬ 
chlorates  can  be  thermochemically  investigated  by  the  heat  of  com¬ 
bustion  technique.  Baroody  and  coworkers  (2)  have  published  an 
outline  for  the  calculation  of  heats  of  formation  of  compounds 
containing  C,  H,  Cl,  N,  and  0  from  raw  heat  of  combustion  data. 

The  heat  of  combustion  of  aniline  hydrochloride  was  determined  to 
test  this  outline  as  well  as  our  laboratory  techniques.  The  heat 
of  formation  of  aniline  hydrochloride  can  be  determined  by  a  heat 
of  solution  aroroach  as  a  check  on  the  combustion  result. 

2.  Material  (U) 

(U)  Aniline  hydrochloride  was  prepared  by  dissolving  about 
29  g  in  365  ml  of  dry  ether  and  bubbling  in  dry  hydrogen  chloride 
until  it  was  no  longer  absorbed.  About  34  g  (85$  of  theory)  of 
white  product  was  separated  by  filtration  and  washed  with  300  cc 
of  dry  ether.  The  product  was  dried  by  heating  overnight  in  a 
vacuum  oven  at  50 °C.  The  dried  material  melted  sharply  at  198°C 
(literature  m.p.  198°C)  and  analyzed  27-3 $  chlorine  (theory  27-3$) • 
The  purity  by  reaction  with  bromine  was  99-8$ . 

(U)  A  sample  of  Dow  aniline  with  a  purity  of  99-9  mole  %  by 
freezing  curve  analysis  was  used  for  heat  of  solution  work. 

3.  Equipment  (U) 

(U)  A  typical  rotating  bomb  calorimeter  and  a  platinum  lined 
combustion  bomb  were  employed  for  the  heat  of  combustion  studies. 
For  heat  of  solution  work  the  same  type  of  equipment  was  used, 
except  that  a  glass  ampoule  attached  to  a  breaking  mechanism  was 
substituted  for  the  bomb  in  the  calorimeter. 
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4,  Procedure  (U) 

(U)  Samples  were  pelleted  and  placed  in  a  platinum  crucible 
which  was  then  suspended  in  a  gimbal  attached  to  the  bomb  lid. 
Approximately  20  g  of  0.08  M  As203  solution  was  accurately  metered 
to  the  bomb  by  means  of  a  weight  buret.  The  bomb  was  closed  and 
charged  with  purified  oxygen  to  J>0  atm  pressure.  After  equilibrium 
in  the  calorimeter,  the  charge  was  electrically  fired  and  the  re¬ 
sulting  heat  release  measured  by  means  of  an  automatic  resistance 
bridge.  After  the  calorimetry  the  bomb  was  carefully  discharged, 
opened,  and  the  solution  recovered  for  analysis  for  nitrate  and 
unoxidized  arsenious  oxide. 

(U)  For  heat  of  solution  studies,  aniline  hydrochloride  or 
liquid  aniline  was  sealed  in  a  thin  walled  glass  ampoule  and  the 
calorimeter  canister  was  filled  with  water  containing  a  slight 
excess  of  NaOH  (for  aniline  hydrochloride)  or  a  corresponding  mix¬ 
ture  of  NaCl  and  NaOH  (for  aniline).  At  the  appropriate  moment, 
the  ampoule  was  broken  and  the  solution  process  took  place. 

5.  Calculations  (U) 

(U)  The  outline  published  by  Baroody  et  al.(2)  was  programmed 
for  computer  calculation.  Some  of  the  necessary  parameters  were 
estimated,  while  others  were  taken  from  recent  publications.  A  list 
of  these  parameters  is  given  in  Table  VI.  Constant  factors  for 
the  computer  program  are  given  in  Table  VII. 


Parameters 

Table  VI 

for  Washburn  Corrections 

Item 

for  C- 

Symbol 

-H-C1-N-0  Compounds 

Value 

Reference 

29h 

g1 

0.9975 

Estimated 

51 

k(co2) 

0.055 

(5) 

66 

gf 

[0.996-. 0157  at  %  (HCl) ] 

Estimated 

69 

(H)ti(soln) 

-.00186  cal/g  atom 

Estimated 

69a 

(H)t^oln> 

-.00170  cal/g  atom 

Estimated 

71b 

AE(  C02)  soln 

-4000  cal/mole 

Estimated 
cf .  (5) 

91a 

AE(As205)  decomp 

76500  cal/mole 

(4) 
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Table  VII 

Constant  Factors  for  Calculations  of  Heat 
of  Combustion  of  Aniline  Hydrochloride 


Formula  of  compound 
Formula  of  fuse 
Density  of  compound 
Density  of  fuse 
Bomb  volume 

Initial  oxygen  pressure  at 
Reference  temperature 
Final  ratio  H20/HF 
( P) t  of  compound 
AE£  of  fuse 
Cp  of  compound 
Cp  of  fuse 
E(calor) 


CeHeCIN 
CHi . 80o . 9 
1.222 
1-5 

0.349  liter 
°C  30.3  atm 

25°C 
600 

-0.003  cal/g/atm 
-111. 7  kcal/mole 
0.29  cal/g/°C 
0.4  cal/g/°C 
3427.20  cal/°C 


6.  Results  (U) 

(u)  The  heat  of  combustion  results  are  tabulated  In  Table  VIII. 
The  average  value  and  a  molecular  weight  of  129-5904  yield: 

AEq  =  -799.52  ±0.29  kcal/mole 

corresponding  to  the  reaction: 

C6H8C1N(cO  +  31/4  02(g)  ->  6  C02(g)  +  1/2  N2(g)  +  HCl(600  H20) 

+  7/2  H20( l) 

Correcting  to  constant  pressure  conditions: 

AH£  =  -800.26  ±  .29  kcal/mole 
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With  auxiliary  data  from  Wagman  et  al.  (5), 

AH£298  =  42.97  ±  0.29  kcal/mole 

(The  uncertainty  is  taken  as  twice  the  standard  deviation.) 

(U)  Results  of  the  heat  of  solution  work  are  given  in  Table  IX. 
Electrical  calibration  of  the  system  gave  E(calor)  as  3667  ±  3  cal/°C 
Prom  the  data  there  is  derived: 

(i)  AH  =  -3-37  kcal/mole  for  the  reaction: 

CeHeClN(c)  +  Na0H(30OO  H2O)  -*  Solution  A  +  H20(  l) 

(ii)  AH  =  -0.5$  kcal/mole  for  the  reaction: 

Solution  A  ->  CoH7N(  liq)  +  NaCl(3000  H20) 

(iii)  AH  =  -3*95  kcal/mole  for  the  reaction: 

CeHeClN(c)  +  Na0H(3000  H20)  ■*  C6H7N(  t)  +  NaCl(3001  H20)  +  H20(  A) 

With  auxiliary  data  for  NaOH,  NaCI,  and  H20  from  Wagman  et  al.  (5) 
and  the  heat  of  formation  of  liquid  aniline,  +7*47  ±  0.20  kcal/mole, 
from  Hatton  etcal.  (6),  there  is  derived  for 'aniline  hydrochloride: 

AHf29B  =  -42.0  ±0.3  kcal/mole 


Table  IX 


Heat  of  Solution  of  Aniline  and 


Expt . 
No. 

Sample  Mass, 
grams 

Corrected  Temp. 
Rise,  °C. 

Heat  of  Solution, 

cal/g _ 

la 

6.9311 

0.04910 

-25.98 

2a 

6.9227 

0.04919 

-26.06 

3b 

5-007 

-0.006l4 

+  4.50 

aAniline  hydrochloride. 
b Aniline.  "• 

(U)  The  difference  between  the  combustion  and  solution  re¬ 
sults  is  slightly  larger  than  the  combined  statistical  errors, 
pointing  to  a  small  systematic  error  in  one  or  both  approaches. 
The  difference  is  not  serious,  however,  and  it  appears  that  the 
heat  of  formation  of  C-H-C1-N-0  compounds,  such  as  organic  per¬ 
chlorates,  can  be  determined  with  satisfactory  accuracy  by  the 
heat  of  combustion  method. 
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this  approach  yielded  a  preliminary  heat  of  formation  of  -319  ±  10 
kcal/mole.  Further  work  on  the  heat  of  decomposition  is  planned  to 
Improve  the  accuracy  and  to  better  establish  the  products  of  decom¬ 
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sso,  revealed  the  heat  of  combustion  to  be  decreasing  with  time,  in- 
icating  some  slow  chemical  change  taking  place.  No  accurate  heat  of 
formation  could  be  obtained. 

(U)  The  heat  of  combustion  of  aniline  hydrochloride  (syn¬ 
thesized  at  Dow  was  measured  and  a  new  computerized  data  reduction 
program  used  to  derive  a  heat  of  formation  of  -43.0  kcal/mole.  This  is 
in  reasonable  agreement  with  -42.0  kcal/mole  from  heat  of  solution 
data  and  it  is  concluded  that  no  serious  systematic  errors  remain  in 
the  data  reJ 
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